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(57) Abstract 

A continuously-variable-ratio transmission ("CVT") of the 
band-and-sheave type capable of "torque control", so that what the 
operator demands, by movement of the accelerator pedal or other 
control member, is a particular driving torque applied to the ratio- 
varying component ("variator"). A connection (21, 22) between at 
least one of the variator sheaves (3, 4) and its shaft (5) is torque- 
sensitive, so that torque at that sheave generates an axial force 
which is a function of the magnitude and direction of the torque to 
which the sheave is subjected. Examples are described in which the 
operating axial load, applied to the variator pulley units, comprises 
two parts -a first part to maintain traction between sheaves and band, 
and a second part related to the applied torque- and a variator using 
more than one band. 
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Continuously variable transmission capable of torque control 

This invention relates generally to continuously-variable- ratio transmissions 
("CVTs"), and particularly to the ratio- varying components ("variators") of CVTs of the 
5 band-and-sheave type. In this type of CVT a continuous, flexible and substantially inelastic 
band, usually in the general form of a belt of chain, passes over two pulley units running 
on parallel but separated axes, and in a common radial plane relative to those two axes. The 
width of the band does not vary, and the two sheaves of each pulley unit are coaxial, but 
the axial clearance between them can be varied, so varying the radius at which the band 
1 0 runs in contact with the pulley unit. If the sheaves of a first of the two units move axially 
apart, whereby reducing the radius of contact of the band, the sheaves of the second unit 
must approach in order to increase the radius and so maintain tension in the band. At the 
same time, if the first and second units are regarded respectively as the input and output 
members of the variator, the transmitted ratio falls. Conversely, if the sheaves of the first 

1 5 unit had moved axially together and those of the second apart, the ratio would have risen. 
At all times during operation the sheaves of both units must of course be urged axially 
together with a force sufficient to generate enough pulley/belt friction to transmit the 
required traction between them. Typically, one sheave of each pulley unit has been fixed 
to its shaft while the other has been slidably connected to the shaft by axial splines, and the 

20 face of that sheave remote from the belt has formed the face of a piston moving within a 
cylinder connected to a source of fluid under hydraulic pressure which has generated the 
required axial load. It will be apparent that if one sheave of each pulley unit is fixed and 
the other axially movable, as just described, any ratio change must be accompanied by a 
slight axial shift of the belt relative to each pulley unit. Means for avoiding any adverse 

25 effects of this are well known to the man in the an, including axially-re versing the 
arrangement of the two sheaves - fixed and movable - between the two pulley units, so that 
the direction of the axial shift of the belt at the unit where the sheaves approach is matched 
by the corresponding belt shift at the other unit where the sheaves move apart. 

In known variators of this kind it has been customary for the operator to change the 
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transmitted ratio by what has become known in the art as "ratio control", that is to say a 
direct command on the hydraulic controls of the two movable sheaves to cause those of one 
unit to execute a predetermined movement apart and those of the other to execute a related 
predetermined mo vement together, while maintaining sufficient axial loading at both pulley 
5 units to maintain the necessary belt/sheave friction. In contrast, recent developments in the 
related technical field of CVTs of the toroidal-race rolling-traction type have demonstrated 
the advantages of so-called "torque control", where what the operator demands, by 
movement of the accelerator pedal or other control member, is a particular driving torque 
applied to the variator either by way of the driving shaft (i.e. torque load on the engine), or 
10 by way of a particular output torque on the driven shaft. Examples of a CVT control 
system of this type, and of a toroidal-race CVT well-suited to such control, are to be found 
in patent publications WO 93/21031 and EP-B-0444086 respectively. 

Occasional proposals have been made to include some element of torque control in 
a CVT where the variator is of band-and-sheave type. One such proposal appears in Paper 
15 730003, entitled "Design Equations for a Speed and Torque Controlled Variable Ratio 
V-Belt Transmission", presented at the International Automotive Engineering Congress and 
Exposition in Detroit, Michigan in January 1973. In the variator described in that proposal 
one of the two pulley units exhibits some torque-sensitive capacity due to the capacity of 
one of the sheaves to move spirally relative to the shaft on which it is mounted, while the 
20 other pulley unit is sensitive not to torque but to input speed. The Paper proposes using 
such a CVT in certain specialised vehicles such as snowmobiles. It should however be 
noted that while the control movements of the operator of such a vehicle would 
undoubtedly be directly related - by way of the accelerator pedal - with movements of the 
vehicle throttle, the Paper contains no teaching that the relative movements of the sheaves 
25 of the two pulley units should be directly controlled by or related to the control movements 
of the operator. The result is a CVT of limited controllability, because for any output load 
- that is to say, the product of output speed and output torque - there is, within the ratio 
limits of the variator, just a single equilibrium combination of input speed and input torque. 
A CVT with such limited controllability does not match the needs of a modern road vehicle. 
30 Another limitation of a variator as described in the Paper is that it is unsuitable for use in 
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the kind of CVT, now increasingly necessary for practical automotive applications, where 
the operating range is extended by providing for it to work in more than one so-called 
"regime" in each of which the variator progresses from one end of its ratio range to the 
other. In such multi-regime designs it is customary for power to be recirculated through 
5 the variator in one of those regimes, during which the variator output and the power input 
act as two inputs to an epicyclic and at a particular ratio value a so-called "geared neutral" 
condition is achieved when all the transmitted power is recirculated, so that the 
transmission output and therefore the automobile is stationary. It is a practical necessity 
in most automotive transmissions that include such a recirculatory regime, that the variator 

1 0 seeks geared neutral when, for example, the engine is started and reaches idling speed while 
the vehicle is still at rest. The Paper does not teach the possibility of a power-recirculation 
regime in which geared neutral is achievable, and in the absence of driver demand the 
described variator simply seeks one extreme of its ratio range. 

A CVT according to the present invention is also to be distinguished from the kind 

15 shown in Specification US-A-5217412. As stated many times in that specification, it 
relates to a CVT in which the operator demands a particular ratio of the variator, and 
changes in torque will have no direct effect on that ratio. With the present invention there 
is no direct control of ratio: by the magnitude of his actuation of the accelerator pedal or 
other control member the operator demands a particular torque on one or other variator 

20 shaft and, within operating limits, that torque will be held even if the ratio changes. 
Another distinction from US-A-5217412 is that for efficient "torque control" it is desirable 
for the connection between at least one of the pulley units and its shaft to generate a force 
dependent on the torque on the shaft in both magnitude and direction: this force acts so as 
to tend to vary the axial separation of the sheaves. In US-A-5217412 the only 

25 torque-sensitive connection (item 24) is between two sections of the shaft of one of the 
pulleys. When it operates so as to sense torque, no directly-related axial force is generated 
and applied to induce relative movement of the pulley sheaves. 

A feature, applicable generally to belt-type CVTs that are capable of "torque 
control", is that wherever there is a torque-sensitive connection between a pulley unit and 

30 its shaft, so as to permit pulley-shaft movement and generate a pulley-shaft force which is 
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a function of the magnitude and direction of that torque, then whenever that shaft is 
transmitting torque to the belt the reaction at the connection generates a force tending to 
separate the sheaves, and whenever that shaft is receiving torque from the belt the 
corresponding force tends to move the sheaves together. The subject matter of the present 
5 invention is thus to be distinguished also from the belt-type CVT shown in Specification 
US-A-5 173084, where there is a potentially torque-sensitive connection between each 
pulley unit and its shaft. In US-A-5 173084 however the operation of the two potentially 
torque-sensitive connections between the pulley units and their respective shafts is 
different. The torque-related forces generated at these two connections act in unison on 
1 0 both pulley units, tending either to move both of them together whenever power flows from 
the input shaft (12) to the output shaft (14) or both apart when the power flow is reversed. 
As is explained clearly in the specification, for example in col. 5 lines 23-32. this is done 
in order to simplify and/or reduce the capacity of the hydraulic pumps. Torque control is 
not achieved by the CVT's described in that specification, nor does it teach the possibility - 
1 5 let alone the advantages - of torque control in any way. It should also be noted particularlv 
that the operation of the torque-sensitive connections described in US-A-5 173084. like 
those of Paper 730003 already mentioned, would prevent them from being used in a multi- 
regime CVT where the variator is required in certain circumstances - for instance when 
idling - to seek geared neutral. 
20 The present invention arises from appreciating how a CVT of the band-and-sheave 

type may be improved by becoming torque-controllable to the degree that it is required by 
a modern automotive vehicle, and that is more comparable with the controllability of the 
toroidal-race CVT's already mentioned. 

The invention is defined by the claims, the contents of which are to be read as 
25 included within the disclosure of the specification, and includes CVT's as will now be 
described by way of example with reference to the accompanying drawings, pans of which 
are diagrammatic and schematic, and in which :- 

Figure 1 is an axial section through components of a known belt-and-sheave 
variator; 

30 Figure 2 is a similar view through a variator according to the present 
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invention, in association with components of a hydraulic control circuit; 

Figure 3 shows some essential components of a two-regime CVT using a 
variator as in Figure 2; 

Figure 4 is similar to Figure 2 but shows an alternative variator; 
5 Figure 5 is a hydraulic circuit drawing; 

Figure 6 is an axial section through the sheaves of a CVT using the circuit 
of Figure 5; 

Figure 7 is an axial section through another variator; 

Figure 8 shows the hydraulic circuit associated with the variator of Figure 

10 7; 

Figures 9 and 10 are similar to Figure 7 but show further variators; 
Figure 1 1 shows a hydraulic circuit associated with the variators of Figures 
9 and 10, and 

Figure 12 is an axial section through a further variator. 

15 Throughout the description of the drawings items with generally similar function 

may, where the context allows, be referred to by the same reference numeral. 

Figure 1 shows a variator in which a belt or chain 1, flexible but inextensible and 
of unvarying width, transmits traction between a first pulley unit 2 comprising sheaves 3 
and 4 and a shaft 5, and a second pulley unit 6 comprising sheaves 7 and 8 and a shaft 9. 

20 Shafts 5 and 9 are rotatable about separated but parallel axes 10 and 11 respectively. 
Sheaves 3 and 7 are fixed to their respective shafts, but sheave 4 is axially-splined to shaft 
5 at 12 and so is capable of some relative axial movement. Sheave 8 is similarly spiined 
to shaft 9 at 13. The sheaves 4 and 8 act as pistons movable within hydraulic cylinders 15 
and 16 respectively, the cylinders being connected by way of a control unit 17 both to a 

25 control member 18 and to a source 19 of hydraulic power. 

Assuming shafts 5 and 9 are respectively the input and output members of the 
variator the arrows T^, N^, T 0UT and N 0lT represent respectively the input torque, input 
speed, output torque and output speed of the variator. Control unit 17 will operate so as to 
generate a hydraulic pressure P T in cylinder 16, sufficient to maintain belt tension, and 

30 Pf ± Pr in cylinder 1 5, where P R is an increment dependent on the depression of pedal 1 8 
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and operable if positive to cause sheaves 3, 4 to approach and so raise the transmitted ratio, 
or if negative to cause them to move apart and to lower it. However with sheaves 3 and 7 
fixed to their respective shafts 5 and 9, and sheaves 4 and 8 mounted on those shafts only 
with limited freedom for axial movement, there is no way in the absence of hydraulic 
5 pressure in which any of the sheaves can move automatically, to change ratio, in response 
to a change in the torque transmitted across the variator. It is therefore as it stands 
unsuitable for a CVT - of one, two or more regimes - in which recirculation takes place in 
at least one of those regimes. In such a variator it is also not easy, because the variator does 
not sense torque, to estimate the optimum value of the pressure P T which should, for life 
1 0 and efficiency, be the lowest consistent with no belt slip. 

With each change of command from control 17, P R changes, as pulley unit 2 opens 
or closes, unit 6 does the reverse, so ensuring - through the opposite-hand arrangement of 
cylinders 15 and 16 - that the centre line 20 of belt 1 stays substantially in the same radial 
plane relative to shafts 5 and 9. 
15 In the corresponding variator according to the invention, shown in Figure 2, sheaves 

3 and 4 of unit 2 are both movably mounted on shaft 5 by means of helical splines 21. 22 
respectively, these splines being of opposite hand, but sheaves 7 and 8 of unit 6 are 
mounted on shaft 9 by means of axial splines 23 and 24. Sheaves 3 and 7 are mounted as 
pistons movable within cylinders 25 and 26, and the cavities of cylinders 15 and 25 are in 
20 communication and therefore at equal hydraulic pressure, as are those of cylinders 1 6 and 
26. The helical engagement between sheaves 3. 4 and their shafts 5 may in practice be by 
way of ball races, and reference 27 indicates the balls. The "hands" of the helices 2L 22 
must be chosen to match the directions of rotation indicated by the arrows and X 0 it> 
so that any torque transmitted between the sheave and the belt gives rise to a proportional 
25 axial force on both sheave and shaft, and any applied torque will result in a ratio change to 
reduce the torque. Control of the variator will be effected, as in Figure 1 . by operating 
member 18 by way of hydraulic control unit 17. but now separate pumps 30. 31 supply 
hydraulic fluid to the two pulley units 2 and 6. Pump 30 supplies fluid to the cylinders 15 
and 25 of unit 2 by way of inlet ports 32 and pump 3 1 supplies fluid to the cylinders 1 6 and 
30 26 of unit 6 by way of inlet ports 33. Fluid then leaves the cylinders of units 2 and 6 by 
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way of outlet ports 34, 35 respectively, and thence by way of control valves 36, 37 to drain 
38. The main function of a further variable-resistance valve 39, located between valves 36, 
37 and drain 38 and also controlled from unit 17, is to set a "base value" P T for the pressure 
in the cylinders that is sufficient at all times, while traction is being transmitted, to maintain 
5 sufficient grip between the sheaves and the belt. Now, whenever driving conditions are 
such that power flows from unit 2 to unit 6, unit 17 regulates valve 36, but causes valve 37 
to open. Base pressure P T is therefore established in cylinders 16 and 26, and in the 
cylinders 15 and 25 of unit 2 a pressure of P T + P c , where P c is a function of the transmitted 
torque which the operator is demanding (by way of pedal 1 8) and matches the outward axial 
10 thrust which the sheaves 3, 4 will be exerting in response to that demanded torque. If the 
transmission is subject to torque in the reverse direction, unit 17 controls valve 37 and 
opens 36, so that base pressure P T is established in cylinders 15, 25 and P T plus P c in 
cylinders 16, 26 of unit 6. This control of the quantity P c means that the axial loading 
forces upon the two pulley units are directly responsive to operator demand, and their 
1 5 magnitude can be represented as a predetermined function of the magnitude of that demand. 

In the variant of the invention shown in Figure 4, sheave 4 of unit 2 is mounted on 
helical ball screw 22 and works within cylinder 15 as before, but sheave 3 is mounted on 
an axial spline 42 carried on a collar 4 1 integral with sheave 4. Sheaves 3 and 4 therefore 
rotate together but are capable of limited relative axial movement, and a thrust race 43, 
20 carried by a flange 44 integral with shaft 5, fixes the relative axial positions of that shaft 
and the sheave 4. In unit 6 sheave 8 is mounted on straight splines 24 and moves as a 
piston within cylinder 16 as before, but sheave 7 is now simply fast with shaft 9. The 
single ball screw 22 now takes the torque from both sheaves of unit 2, because the axial 
spline 41 takes the torque from sheave 3 to sheave 4 and thence, through the screw 22, to 
25 the shaft 5. As in Figure 1, the opposite-hand arrangement of cylinders 15 and 16 ensures 
that as the sheaves of one of units 2, 6 move apart while those of the other move together, 
and vice versa, the plane of the centre line 20 of belt 1 remains substantially constant. 

In practice it is also likely to be desirable to ensure that any mismatch, that should 
occur for any reason in operation, between the ideal clamping force on the belt and the 
30 pressures in cylinders 15, 25 and 16, 26 is avoided, especially towards limits of the ratio 
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range when the belt is close to its maximum or minimum radius on either pulley unit. 
While not identical in effect, aspects of such a feature of a CVT according to the present 
invention can be compared with the "hydraulic end stop" features for toroidal-race 
rolling-traction CVTs described for example in Patent Specifications GB-B-2023753, 
5 EP-B-0133330 and EP-B-0444086. In Figure 2 the location and size of outlet ports 34 and 
35, and the provision of further ports 45 and 46, contribute to the generation of such an 
M end stop" effect, although it will be understood that other features not shown would in 
practice be required also to ensure that the timing and magnitude of the effect was suitable. 
In pulley unit 2 the outlet port 34 is so sized and located, relative to cylinder 15, that if 
10 sheaves 3 and 4 tend to separate axially beyond a predetermined limit, sheave 4 will 
eventually totally cover port 34, blocking off the common fluid outlet of the two connected 
cylinders 25 and 1 5, so that the pressure in these two cylinders will rise to that of the pump 
30 and so resist further separation of the sheaves. Conversely, should the sheaves approach 
each other closer than has been predetermined, port 45 will be uncovered. This port 
15 communicates, directly or indirectly, with drain 38 by way of valve 39, but in a manner 
by-passing control valve 36. This therefore relieves the pressure in cylinders 1 5, 25 and 
inhibits further approach of the sheaves. In pulley unit 6, the location and sizing of port 35 
and the provision of port 46 will work to similar effect. 

It will be appreciated that the operation of such a "hydraulic end stop" mechanism 
20 may in practice not only achieve the purpose of preventing the sheave/belt clamping force 
from rising too high or falling too low at each pulley unit, but also have the related effect 
of tending to keep the belt/sheave radius of contact within predetermined limits. To this 
latter end, Figure 2 also shows further and purely mechanical "end stops" in the form of 
rings 29, mounted to rotate about shafts 5, 9 between the sheaves of units 2 and 6, which 
25 physically prevent the belt 1 from making contact with either shaft, for example should the 
hydraulic stops have failed to act to prevent the sheaves from separating far enough to 
allow it to do so. There would be less need for such rings in the variant shown in Figure 
4, where the collar 41 of unit 2 and the shaft 9 of Figure 6 rotate in unison with sheaves 3. 
4 and 7, 8 respectively. Many other forms of physical stops, to prevent the sheaves from 
30 separating or approaching beyond chosen limits, are of course possible. 
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Figure 3 shows the essential components of a two-regime CVT in which a prime 
mover 50 drives the shaft 5 of pulley unit 2 (as shown in Figure 2) at speed N, and also, by 
way of a fixed-ratio belt 51 which reduces the drive speed to 1/2.N,, one half of a low 
regime clutch 52. The other half of this clutch is connected to the planet carrier 53 of an 
5 epicyclic 54, the ring gear 55 of which is connected both to the CVT output member 56 and 
also to one half 57 of a high regime clutch 58. The other half 59 of this clutch, and the sun 
gear 60 of epicyclic 54, are both connected to the output shaft 9 of the variator, that is to 
say to the common shaft of sheaves 7 and 8. 

To illustrate the operation of a vehicle including the CVT of Figures 2 and 3, a 
1 0 sequence of events will now be described starting from rest. The operator will be able to 
control the vehicle driveline with a typical gear selector lever (having an input to unit 17 
indicated schematically at 47) including at least the standard N, P, D and R settings. 

When engine 50 starts, with the gear selector in "N" or "P" clutches 52 and 58 will 
both be disengaged. On selecting "D" clutch 52 will start to engage. If the vehicle is 
15 stationary and the variator is not in the ratio known in the art as "geared neutral" (i.e. the 
ratio which for finite rotation of input shaft 5 generates zero rotation of output member 56) 
a drag torque will be imposed on the variator by clutch 52. Until the accelerator pedal 18 
is depressed to move off, both of the control valves 37 and 36 will be open and there will 
be no differential pressure on the two pulley units 2, 6. There will however, typically, be 
20 a "base" pressure provided by valve 39 as already described. 

Assume epicyclic 54 has a ratio E = 2, and belt 5 1 has a fixed ratio of 1/2 as already 
described. With the vehicle stationary, belt 51 will try to drive the variator output shaft 9, 
through clutch 52 and epicyclic 54, at a speed of 3/2.N,. Shaft 9 may actually be running 
at, say, 1/2.N, and, if so, will try to accelerate both itself and the variator input shaft 2. The 
25 accelerating torque on the latter will generate, through the action of the helical ball races 
21, 22 axial forces driving the two sheaves 3, 4 of pulley unit 2 together, thus raising the 
transmitted ratio. The forces will not be resisted because there is, as yet, no differential 
pressure on pulley units 2 and 6. 

Should the ratio overshoot, the torque on input shaft 5 will be reversed and the axial 
30 forces will drive sheaves 3, 4 apart. So, without any external control, this torque-sensitive 
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variator will find the correct ratio to adopt before the vehicle moves away from rest in its 
low regime, that is to say the regime in which clutch 52 is engaged, clutch 58 is disengaged 
and power recirculates through the variator. 

When pedal 18 is now depressed, control unit 17 registers a demand and, with 
5 knowledge of the regime and the current ratio (by way of inputs shown schematically at 6 1 
and 62), interprets this demand as an output torque or a torque load on the engine. To move 
forward in low regime, the variator ratio must reduce from 3/2 towards 1/2. Therefore 
power flows from unit 6 to unit 2, and the sheaves 7, 8 on output shaft 9 must move 
towards each other. This is effected by the control unit opening valve 36, and raising the 
10 pressure in communicating cylinders 16, 26 by increasing the variable resistance in valve 
37. 

The axial load on the sheaves 7, 8 will now be given by the aggregate of the 
clamping pressure (generated by valve 39) and the differential pressure generated by torque 
control valve 37. The axial load on the sheaves 3, 4 on shaft 5 will be given by the same 

1 5 clamping pressure (P T ) and the force from the helix. As the angles of the conical faces of 
all the sheaves are equal it follows that, when the force created by the differential (i.e. 
torque control) pressure balances that of the helix, the variator ratio will be stable. Since 
the axial force from the helix is a function of the variator input torque, the differential 
pressure must itself be a direct function of that torque, whether the torque-controlling 

20 pressure is applied to pulley unit 2 through valve 36, or to unit 6 through valve 37. The 
differential pressure is of course also a function of the variator "output" torque, modulated 
by the instantaneous variator ratio. 

If conditions permit, the differential pressure will take the variator to the lower limit 
of its ratio, 1/2. Then unit 1 7 will cause low regime clutch 52 to disengage and high regime 

25 clutch 58 simultaneously to engage, the variator and epicyclic ratios having been chosen 
so that this change is of the kind known in the art as "synchronous" and causing no 
instantaneous change of rotary speed of output member 56. With clutch 58 engaged, and 
the transmission therefore in "high regime", further depression by the operator of pedal 1 8 
will cause the variator to proceed back over its entire ratio range, from 1 2 where it 

30 presently stands to its maximum of 2. During this regime, whenever power is to be drawn 
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from the prime mover 50, the torque load will be determined by pressure control valve 36. 

The function of valve 39 in setting a basic "clamping force" between the sheaves 
and the belt has already been referred to. It should be noted that the useful 
power-transmitting force between the sheaves and the belt is a tangential one, and that there 
5 is an upper limit to the fraction of the axial clamping force, as determined by valve 39, that 
the tangential force can be without slip. That limit is determined by the coefficient of 
friction between the sheaves and the belt. Conversely, an excessive clamping force will 
reduce both life and efficiency. When the CVT is regulated by torque control it is easy to 
calculate the tangential force at any ratio, and therefore the optimum clamping force. The 
1 0 ratio is simply measured, and the unit 1 7 receives the electrical input of that measurement 
at 62. The tangential force is a function of torque, divided by the radius of contact between 
belt and sheave, and that radius is itself a function of ratio. The input to valve 39 from unit 
17 programmes the valve to adjust the hydraulic pressure in cylinders 15, 25 and 16, 26 so 
as to seek this optimum force. 
1 5 In Figure 5 the pumps 30 and 32 deliver fluid to cylinders 63, 64 containing pistons 

65, 66. In normal operation the return lines for fluid from these cylinders to drain 38 are 
by way of outlets 67 and 68, lines 69 and 70 and control valves A and B respectively, the 
pressures in lines 69 and 70 being P A and P B respectively. Relief valves 71 are provided 
to prevent either of pressures P A . P B rising above a predetermined value. In a 
20 torque-controlled CVT of the toroidal -race rolling-traction type, as described for instance 
in Patent Specification EP-B-0444086, items 65 and 66 would correlate with opposite faces 
of a double acting hydraulic piston, connected to the carriage of one of the rollers, the 
orientation of which changes to vary the transmitted ratio. In the variator of a torque- 
sensitive CVT of the belt-and-sheave type, as shown for instance in previous Figures, 
25 cylinders 63 and 64 would typically be associated respectively with each of the two pulley 
units 2 and 6 of the variator, and the pressures supplied to the two units are in this example 
of the invention controlled so as to generate on one such unit the arithmetical sum of the 
desired clamping and torque related forces and, on the other, the clamping force alone. The 
clamping force urges the pulley sheaves into appropriately firm traction-transmitting 
30 contact with the belt and the torque related force balances, at equilibrium, the axial force 
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from the torque-sensitive screw or similar mechanism. In this example of the invention the 
pressures generated by the valves A and B in cylinders 63 and 64 match only the 
torque-related forces. The clamping forces are generated separately, as follows. The 
deliveries of pumps 30, 3 1 are bridged by a line 72 connected to the two inlets of a valve 
5 73 which admits only the greater for the time being of pressures P A and P B , and closes off 
the lesser. The outlet line 74 of this valve passes, by way of a pressure-dropping valve 75, 
to cylinders 76, 77 arranged in parallel and containing pistons 78, 79 respectively. Piston 
78 bears axially upon one sheave, and applies the clamping force to that sheave. Similarly 
piston 79 applies the clamping force to the other sheave, and the relationship between 
1 0 pistons 65, 66, 78 and 79 will be explained with reference to Figure 6. 

It will be noted firstly that because cylinders 76 and 77 are arranged in parallel 
downstream of valve 75, the same pressure always exists within those cylinders. This is 
of course appropriate because the same traction should be transmitted at both sheaves. 
Secondly, any movement of piston 78 in one direction will be substantially balanced by a 
1 5 movement of piston 79 in the other direction, and vice versa. Thus substantially all fluid 
displaced from cylinder 76 will flow into cylinder 77, and vice versa, thus diminishing the 
need for pumps 30 and 3 1 to accommodate fluid flows due to the movements of the two 
clamping pistons 78 and 79. It should be noted also that only one of the two pumps 
supplies the clamping cylinders at a time. All this allows the power of the pumps to be 
20 smaller than would have been the case had cylinders 63 and 64 been required to generate 
both the torque-responsive and the clamping loads, as in previous Figures. 

Were fluid at the greater of the discharge pressures of pumps 30 and 31 to be 
supplied directly (via valve 73) to cylinders 76 and 77, the clamping forces exerted by 
pistons 78 and 79 would in general be too great. Valve 75 applies a pressure reduction 
25 factor substantially proportional to the instantaneous ratio of the variator. because the 
clamping force should be a function of the traction force on the belt which, in turn, is a 
function of torque and the radius of contact of the belt with the sheave, i.e. a measure of 
ratio. The pressure from which the clamping force is obtained is proportional to torque 
alone and should therefore be modified by the instantaneous ratio to produce the desired 
30 clamping force. To protect the circuit against dangerous hydraulic pressure rises due to 



-12- 



WO 95/17621 



PCT/GB94/02705 



malfunction, the relief valves 71 are provided in lines 69 and 70 to safeguard the torque- 
responsive function and a similar valve 80, connected to valve 73, to protect the clamping 
function. However, in order to be "fail safe", valve 75 should be of the type that returns to 
fully open, so applying full pump pressure to cylinders 76 and 77, to guarantee continued 
5 traction, in the event for instance of a fault in the central control mechanism. 

In normal operation control valves A and B will typically be regulated by the central 
programmed electronic control unit 17, receiving (by way of 61, 62 and 47) inputs 
indicative of vehicle and engine speed, gear selection and other relevant parameters, and 
in particular from the driver by way of accelerator pedal 1 8. The location of cylinder outlet 

10 ports 67 and 68 in raised steps (67a and 68a) formed on the end walls of their respective 
cylinders provides an "end-stop" effect as a safeguard against malfunction, in a way well 
known in the art. If the piston 65 overshoots its normal stroke and approaches the step 67a 
closely, the resistance of the outlet port is increased and with it the pressure of the fluid in 
cylinder 63, up to the maximum setting of relief valve 80, so increasing the resistance to 

1 5 further overshooting travel of the piston. 

Figure 6 shows the CVT to which the hydraulic circuit of Figure 5 applies. The 
variator includes pulley unit 6, comprising sheaves 7 and 8, and pulley unit 2 comprising 
sheaves 3 and 4. Belt 1 transmits drive from one pulley unit to the other. Sheave 7 is fixed 
to shaft 9 which in this design is driven by prime mover 50, and sheave 8 is splined to shaft 

20 9 at 24 so that limited relative axial movement between the shaft and this sheave is 
possible. Sheave 8 carries a flange 81 and a variable capacity annular space is defined by 
the shaft 9, sheave 8, flange 81 and a circular plate 82 carried by the shaft. The clamping 
pressure acting on pulley unit 6 is generated in this space, which therefore corresponds with 
say cylinder 76 of Figure 5 and is connected by way of an inlet port 83 and conduit 84 with 

25 the pressure-dropping valve 75. 

Sheave 3 of the other pulley unit 2 is connected to shaft 5 by way of helical spline 
22. The second sheave 4 of unit 2 is splined at 42 to a collar extension 41 of the first 
sheave 3, so that the two sheaves 3, 4 can move axially but cannot rotate relative to each 
other. A ball thrust race 43, supported by a flange 44 fixed to shaft 5, limits movement of 

30 sheave 4 to the right as shown in Figure 6. As in Figure 4 the helical spline 22 provides a 
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bi-directional torque-sensitive connection between the pulley unit 2 and the shaft 5: the 
sheaves 3, 4 will tend to separate when the torque is in one rotary sense, and to converge 
when it is in the other. 

A stepped ring 87 is fixed to shaft 5 at its inner rim, and at its outer rim makes a 
5 sealed sliding fit with a flange 88 carried by sheave 3. A smaller stepped ring 89 is fixed 
to sheave 3 and makes a sealed sliding fit with shaft 5 at 90. A ring 91 is carried by shaft 
5, and the outer rim of this ring makes a sealed sliding fit with the inner wall of ring 89 at 
92. Between them the shaft 5, sheave 3 and rings 87, 89 and 91 thus define three 
variable-capacity annular chambers. These chambers are referenced 77. 63 and 64 in Figure 
10 6, because those are the references for the features which they correspond with in Figure 
5. Chamber 77 connects by way of an inlet port 93 and conduit 84 with pressure-dropping 
valve 75, and provides the clamping force. Conduit 84 passes axially within shaft 5 Just 
as it does within shaft 9. Fluid enters cylinders 63 and 64, from pumps 30 and 31 not 
shown in Figure 6 by way of ports 94 and 95 respectively and leaves, also as in Figure 5, 
15 by way of ports 67 and 68. In the design of Figure 6, effectively the two cylinders 63. 64 
are coaxial and separated by the fixed ring 91, the left-hand face of the ring 89 becomes the 
piston 65 and the left face of the sheave 3 becomes the piston 66. It should be noted that 
in Figure 6, as in Figure 5, the ports 67 and 68 are formed in stepped surfaces 67a. 68a 
respectively and thus lie axially-proud of the related inlet ports 94 and 95, so as to provide 
20 the end-stop effect already described. 

In the embodiment of Figure 6 the shaft 9 may conveniently drive a pump assembly 
indicated in broken lines at 85 and including the hydraulic pumps 30 and 3 1 . The final 
drive gear 96 of the CVT engages with a gear 96a carried by a third shaft 97. a gear 98 
mounted on shaft 9 meshes with a gear 98a coaxial with shaft 97. and a gear 99 mounted 
25 on shaft 5 meshes with a gear 99a also coaxial with shaft 97. The working range of the 
variator of Figure 6 is extended by providing it with the means to work in two successive 
regimes, to be referred to as "low" and "high". Assuming shaft 9 rotates at constant speed, 
typically low regime will progress from a condition in which belt 1 moves from maximum 
to minimum radius across pulley unit 6 (and in the opposite sense across unit 2) during 
30 which final drive gear 96 begins by rotating at maximum speed in the reverse direction, 
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decelerates until stationary (the condition known in the art as "geared neutral") and then 
accelerates in the forward direction until the belt has reached minimum radius on pulley 
unit 6. At this point clutches (to be described) are simultaneously operated to disengage 
low regime and engage high, ratios and dimensions being chosen to achieve what is known 
5 in the art as a "synchronous change", involving no instantaneous change of the transmitted 
ratio. During high regime the belt progresses back to maximum radius on pulley unit 6 and 
minimum on unit 2, and final drive gear 96 continues to accelerate to its final maximum 
forward speed. 

To achieve these two regimes, gear 98 carries a flange 100 supporting one half of 
10 a low regime clutch 101, the other half of which carries the planet carrier 102 of an 
epicyclic gear unit. The sun gear 103 of this unit is mounted on a tubular extension 104 
carried by gear 99a, both extension and gear being mounted rotatably about shaft 97. 
Extension 104 also carries one half of a high regime clutch 105, the other half of which is 
carried by a flange 106 which is fixed to shaft 97 at 107 and which also carries the ring gear 
15 1 08 of the epicyclic unit. In low regime clutches 1 0 1 and 1 05 are respectively engaged and 
disengaged, and the epicyclic unit mixes inputs from shaft 9 (by way of planet carrier 102) 
and shaft 5 (by way of sun 1 03) to drive the ring gear and so the shaft 97 and the final drive 
gear 96. At the "synchronous change" point clutches 101 and 105 are respectively 
disengaged and engaged, after which the direct connection of shafts 9 and 97 by way of 
20 gears 98, 98a is broken, and shaft 97 is driven directly only from shaft 5 by way of gears 
99 and 99a, flange 104, high regime clutch 105, and flange 106. The pistons and hydraulic 
cylinders used to operate clutches 101, 105 are shown at 110, 111 and 112, 113 
respectively. 

It may be noted that the operation of the torque-sensitive sheave-shaft connection 
25 (e.g. item 22 in the example of Figure 6) in response to a change of demand is in effect to 
seek to lower the speed of the shaft through which power is being delivered (5 in this 
Figure), relative to the speed of the shaft (9) through which power is being supplied to the 
variator. In other words, the response is such that the variator tends to seek a ratio that 
reduces the power delivered. Some further characteristics of the embodiment of Figure 6 
30 should also be noted. Firstly that the two clutches (101 , 105) and the epicyclic unit are on 
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a separate shaft (97) from the two pulley units 6 and 2. This is in order to make an 
axially-short transmission suitable, in particular, for installation in vehicles in which the 
engine is installed transversely. Secondly, it does not matter in principle which of the 
pulley units 2, 6 the torque-sensitive connection (22) is associated with. Thirdly, an 
5 advantage of mounting the torque-sensitive connection 22 and all the associated hydraulic 
ports and conduits on and within the shaft 5 is that because both ends of that shaft are 
potentially unobstructed, access for hydraulic connection is easier than with shaft 9 where 
one end is connected to the prime mover 50. 

In the example of Figures 7 and 8 a belt 1 transmits traction between pulley unit 2. 
10 mounted on shaft 5, and pulley unit 6 mounted on shaft 9. In this example shaft 5 is 
connected to prime mover 50 and shaft 9 will typically be connected, by way of further 
components which are not shown and are no part of the present invention, to the final 
output gear 96 of the CVT of which the variator is a component. Pulley unit 2 includes a 
sheave 4, and a helical ball-race mounting 22 is interposed between this sheave and the 
15 shaft 5, so that sheave and shaft are capable of limited relative movement including both 
a rotary and an axial component. Sheave 4 is also mounted to move as a piston within a 
hydraulic cylinder 15 formed by a housing carried by shaft 5. Pulley unit 2 also comprises 
a second sheave 3 splined, at 42, to a collar 41 carried by the first sheave 4. Item 42 allows 
relative axial movement between parts 3 and 41, but is sealed against fluid escaping 
through the spline. A ball race 43, mounted on a radial flange 44 carried by shaft 5, allows 
sheave 3 to rotate about the shaft but prevents it from relative movement leftwards. Thus 
far the example of Figure 7 is generally similar to the example of some previous Figures. 
However the sheave 3 is also formed with a cutaway part 1 1 9 and a radial flange 1 20. 
mounted on collar 41, carries a seal 121. Pans 42, 41, 120, 121 and 119 co-operate to 
define a second hydraulic cylinder 122. 

The arrangement of the other pulley unit 6 on output shaft 9 is similar but reversed 
left-to-right, and the corresponding components are indicated by the same numerical 
reference but with an index e.g. first and second sheaves 4' and 3'. The hands of the two 
ball races 22 and 22' are such that, when power flows from shaft 5 to shaft 9. the hand of 
the ball race 22 tends to generate a force acting to separate - that is to say, move axially 
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apart - the sheaves on shaft 5 while the hand of ball race 22' tends to generate a force acting 
to move together the sheaves on shaft 9. If the power flow is reversed, the forces are also 
reversed. The straight splines 42 and 42' permit such movement but prevent relative rotary 
movement between the two sheaves. 
5 In the control circuits shown in Figures 8 and 1 1 , pumps 30 and 3 1 and a central 

control unit 1 7 are provided, and valves A and B regulate pressures to the cylinders urging 
the sheaves together. These pressures are computed so that the normal load on the belt (or 
chain) is sufficient to prevent slippage but is not excessive and so that torque-dependent 
axial forces from the ball screws are balanced algebraically. The normal load is primarily 
1 0 a function of the usable coefficient of friction between the belt and the sheave and the sum 
of the input and output torques. The latter can be expressed as a function of the torque 
being controlled, which is therefore known, and the variator speed ratio (which can easily 
be measured). Thus the optimum normal load (clamping force) can be maintained over the 
whole operating range. 

15 Should the sheaves, for any reason, overshoot their normal operating range a 

'hydraulic stop', well understood in the art, will come into effect. In a manner similar to 
that shown in Figure 5, outlet lines 69, 70 from the two cylinders 15 and 1 5 1 are mounted 
in steps 67a, 68a which lie axially-proud of the parts of the end walls where the inlet lines 
enter the cylinders from pumps 30, 3 1 respectively. As the sheave approaches one of the 

20 steps 67a or 68a, before actually touching that step it obstructs the outlet port and so tends 
to raise the resistance in the respective fluid line, so resisting further movement of the 
sheave by raising the fluid pressure in the cylinder above the value it would have were that 
value determined solely by the respective control valve A or B. 

As Figure 8 clearly shows, the separate hydraulic cylinders 15, 122; 15\ 122* of the 

25 example of Figures 7 and 8 allow each power source (30 and 3 1 ) to be connected directly 
both to the "large" or "torque-dependent" cylinder (15 and 15') of one pulley unit, and to 
the "small" or "clamping" cylinder (122' and 122) of the other unit. It should also be noted 
that it will still be desirable for the normal load on the belt to be high enough to prevent 
slippage, especially when the hydraulic stop raises pressure to counteract an overload 

30 torque in the variator. To ensure that this is so, the helix angles of the ball screws must be 
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above a certain value determined by the parameters of the variator. in particular the usable 
friction coefficient and, in the case of Figure 8, the areas of the large and small pistons. 

In the embodiments of Figures 9 and 10, reference numerals already used in Figure 
7 continue to denote similar components. In Figure 9, however, instead of only one sheave 
5 (4, 4') of each pulley unit being mounted on a helical ball race (22. 22') now the second 
sheave (3, 3') in each unit is also mounted (as for unit 2 in Figure 2) on a similar ball race 
(21, 21'), the two ball races of each unit being of opposite hands. Furthermore, the 
cylinders 122, 122' of Figure 7 are omitted and the two sheaves of each unit are identical 
in outline, the sheaves 3 and 3' acting as pistons within similar housings carried by shafts 
10 5 and 9, the resulting cylinders 15 and 125, 15' and 125' being in hydraulic communication 
as indicated at 126 and 126'. In the variator of Figure 10 the similarity with Figure 7 is 
even closer, the only significant difference being that the cylinders 122 and 122' are 
omitted. The sheaves 3 and 3' of each unit are therefore of simpler shape but still run on 
the splines 42 and 42' mounted on the collars 41,41' carried by the sheaves 4 and 4'. and 
1 5 are still held against axial movement in the reverse direction by ball races 43 and 43'. In 
the embodiment of Figure 10, therefore, the only means by which axial hydraulic force is 
applied to each of the pulley units is by way of the cylinders 15,15' upon the sheaves 4 and 
4'. For each of the embodiments shown in Figures 9 and 10, Figure 1 1 shows the essential 
components of the hydraulic circuit, comprising, as for Figure 7, the central programmed 
20 control unit 17, the two pumps 30 and 3 1 , and the two control valves A and B. Pump 30 
and valve A are in circuit with cylinder 15 (and, for Figure 9, cylinder 125 by way of 
connection 126) of one pulley unit, and pump 3 1 and valve B are in circuit with cylinder 
15' (and, for Figure 9, cylinder 125' by way of connection 126') of the other pulley unit. 
Although for simplicity not so shown in Figures 9 and 10, the cylinders 15 and 1 5' may as 
25 shown in Figure 1 1 be formed with stepped ends 67a and 68a to facilitate the generation 
of M end-stop M effects as already described with reference to Figure S. 

Figure 12 shows an embodiment of the second aspect of the present invention, in 
which a torque-controlled variator, generally of the kind illustrated in Figure 6. is easily and 
economically adapted so as to permit more than one combination of two pulley units and 
30 belt to be mounted in parallel, on common input and output shafts, so as to equalise the 
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torques on all individual belts but enhance the total torque that can be applied to the 
variator and thus the total traction it can transmit. While Figure 6 shows a two-belt 
variator, it will be appreciated that the principle could also be applied to a variator with 
more than two belts. As will be apparent from the description that follows, in the variator 
5 of Figure 12 the ways in which the pulley units are mounted on the input and output shafts 
are dissimilar: the ball-race mountings are confined to the output shaft. Thus the symmetry 
of Figure 7 is not present, and therefore a hydraulic circuit comparable to that of Figure 8 
cannot be used. 

In Figure 12 shaft 9, driven as in Figure 6 by prime mover 50, drives two belts 1 by 
1 0 way of two pulley units 6. The outer sheaves 7 of these two units are fixed to shaft 9, while 
the inner sheaves 8 engage with the shaft by way of straight splines 24 and are therefore 
capable of limited axial movement. A variable-capacity hydraulic cylinder 76 is defined 
between the sheaves 8 and the shaft 9, and is sealed by ring seals 127. 

Belts 1 engage with pulley units 2 on the other shaft 5, which is connected as before 

15 to the final drive 96. The outer sheaves 4 of these pulley units are mounted on shaft 5 by 
way of helical ball races 22 and are formed with collar-like extensions 41, on which the 
inner sheaves 3 are mounted on straight splines 42. The inner sheaves 3 are prevented from 
approaching one another by ball or roller races 43 mounted on opposite faces of a flange 
44 carried by shaft 5. Outer sheaves 4 are each fixed to a shaped ring 89, which makes a 

20 sealed sliding fit with shaft 5 at 90. Further shaped rings 87, which make a fixed and sealed 
fit to shaft 5 at their inner rims, make a sealed but sliding fit at their outer rims against outer 
flanges 88 of the rings 89. Sealed and variable-capacity hydraulic cylinders 77, formed 
with inlet ports 93, are therefore defined between rings 89 and 87. Annular structures 91 
make a sealed fit at their inner radii against shaft 5, and at their outer radii make a sliding 

25 fit against inner flanges 129 of rings 89. The blocks and adjacent components thus define 
sealed hydraulic cylinders 63 and 64, 64a and 63a of reciprocally-varying capacity. 
Cylinders 63 and 63a have fluid inlet ports 94 formed in shaft 5, cylinders 64 and 64a have 
similar inlet ports 95, and structures 91 are formed with outlet conduits 68 and 67 in 
communication with cylinders 64 and 63 a respectively. 

30 Appropriate associated hydraulic circuitry is essentially shown in Figure 5. By 
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means of conduits (not shown) formed within shaft 5 pump 30 delivers fluid to cylinders 
63 (and 63 a) by way of inlets 94, pump 3 1 delivers fluid to cylinders 64 (and 64a) by way 
of inlets 95, and the outlet conduits 67, 68 from the cylinders are connected to drain 38 by 
way of control valves A, B respectively. As in Figure 8, but with a differently pre- 
5 programmed logic, valves A and B are regulated by the central programmed electronic 
control unit 1 7 of the CVT so that the resultants of the forces generated by the pressures in 
cylinders 63 and 63a, or in cylinders 64 and 64a, are equal and each represent the 
" torque-dependent" component of the total axial end-load force exerted upon each of the 
pulley units 2. By means of valve 73 (which selects the higher of two pressures to transmit) 
1 0 and the third controlled valve 75, one or other of pumps 30 and 31 is also connected to 
cylinders 76 and 77 to exert the appropriate belt-sheave clamping force on pulley units 6, 
and the clamping component of the total axial end load on pulley units 2. It will be 
appreciated that the clamping forces on the two shafts are the same, and are provided by the 
same pressure in cylinders of equal area, and that there is no nett force from the "torque 
1 5 control" cylinders 63 and 64, 64a and 63a because the pressures are balanced by the forces 
from the helical ball races 22. 

It will be noticed that the input shaft 9 need contain only one hydraulic conduit to 
feed fluid from valve 75 to cylinder 76 by way of an inlet 83, whereas many more hydraulic 
conduits will have to be carried within the output shaft 5 to supply the many pons and 
20 conduits shown. This will typically be advantageous because both ends of shaft 5 are 
potentially unobstructed, making access for hydraulic connections easier than with shaft 9 
where one end is connected to the prime mover 50. 
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CLAIMS 

1 . A continuously-variable-ratio transmission ("CVT") of the band-and-sheave type 
including control means (17) operable (via 1 8) by a driver or other operator, a ratio-varying 
component ("variator") comprising at least one band (1) in driving contact with two pulley 
5 units (2, 6) presenting parallel but separated axes of rotation but sharing a substantially 
common radial plane, in which each pulley unit comprises shaft means (5, 9) and two 
sheaves (3, 4; 7, 8) mounted thereon, the axial separation of the sheaves being variable 
whereby to alter the radius of contact between the band and that pulley unit and so alter the 
transmitted ratio, in which there is a torque-sensitive connection (21, 22) between at least 

1 0 one of the pulley units and its shaft means capable of generating an axial unit/shaft means 
force that is a function of the magnitude and direction of the torque the pulley unit is 
transmitting, and in which loading means (30, 15, 25, 36, 39; 31,16, 26, 37, 39) operate 
on the pulley units to urge their sheaves together with a loading force characterised in that 
the input of power to the variator by way of a shaft means on either of the two axes has the 

1 5 effect, by way of the torque-sensitive connection, of tending to cause the axial separation 
of the sheaves of a unit on that shaft means to increase relative to that of the sheaves of the 
corresponding unit on the other shaft means. 

2. A CVT according to Claim 1 in which the torque-sensitive connection permits 
relative movement between sheaves and shaft means which includes both an axial and a 
rotary component. 

3. A CVT according to Claim 2 in which the torque-sensitive connection includes a 
component that follows a generally helical locus. 

4. A CVT according to Claim 3 in which the torque-sensitive connection is of ball 
screw type. 

5. A CVT according to Claim 1 in which the two sheaves of a pulley unit are 
connected so that they rotate together but are capable of limited relative axial movement. 

6. A CVT according to Claim 1 in which both sheaves of a pulley unit are mounted 
for both axial and rotary torque-responsive movement relative to their shaft means, and to 
execute such movements in mirror image to each other, whereby change of their radius of 
contact with the band takes place without change to the axial location of that band. 
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7. A CVT according to Claim 1 in which the loading force is generated hydraulically. 

8. A CVT according to Claim 1 including means, responsive to the axial approach or 
separation of the two sheaves of a pulley unit beyond predetermined limits, to counteract 
that approach or separation by respectively raising or diminishing the axial load that is 
causing it. 

9. A CVT according to Claim 1 including mechanical means to prevent the band from 
running off the inner radii of the sheaves of a pulley unit, should the sheaves separate too 
far axially. 

10. A CVT according to Claim 9 in which the mechanical means take the form of a ring 
located between the sheaves and rotatably mounted on the shaft means of the pulley unit. 

11. A CVT according to Claim 1 in which the band is of belt-like type. 

12. A CVT according to Claim 1 in which the band is of chain-like type. 

13. A CVT according to Claim 1 adapted to operate in at least two regimes, in at least 
one of which power recirculates through the variator and a "geared neutral" ratio is 
achieved. 

14. A CVT according to Claim 1 in which the loading force includes first and second 
components related to sheave-band reaction ("clamping") and torque at the pulley unit 
respectively. 

15. A CVT according to Claim 14 in which the magnitude of the second component of 
the loading force is a function of operator demand. 

16. A CVT according to Claim 1 5 in which the magnitude of the first component of the 
loading force is also a function of operator demand. 

17. A CVT according to Claim 14 in which the variator ratio reaches an equilibrium 
value when the axial unit/shaft means force is equal to the second component of the loading 
force and is applied to a pulley unit in opposition to the loading force. 

18. A CVT according to Claim 7 in which the means for generating at least part of the 
loading forces on at least two pulley units are connected so that they are at equal pressure 
and a rise or fall of the volume of hydraulic fluid within one of them is matched by a 
corresponding fall or rise within the other. 
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19. A CVT according to Claim 1 including a prime mover connected to one of the 
variator axes, and in which any of the torque-sensitive connections are confined to the 
second variator axis. 

20. A CVT according to Claim 19 in which the loading forces exerted on any pulley 
units on the second axis of the variator are generated using hydraulic devices mounted on 
that axis, and in which the fluid conduits associated with those devices are formed within 
the shaft means on that axis and extend away from their respective devices within that shaft 
means in both axial directions. 

21. A CVT according to Claim 13 including a driven shaft and gearing and clutch 
means operable to enable the CVT to operate in more than one "regime 11 , in which the 
driven shaft is displaced from either of the axes of rotation of the variator, and the gearing 
and clutch means are mounted coaxially with the driven shaft. 

22. A CVT according to Claim 1 in which traction is transmitted between the two axes 
by more than one belt, and means are provided to equalise the torques on all the belts. 

23 . A CVT according to Claim 1 4 in which separate power sources are used to generate 
the loading forces for pulley units on the two variator axes, the first such source 
contributing the first component for at least one unit aligned with the first variator axis and 
the second component for at least one unit aligned with the second variator axis, and vice 
versa for the second source. 



WO 95/17621 



PCT/GB94/02705 



3 2; 4 




Fig.1 




WO 95/17621 



PCT/GB94/02705 




2/9 



WO 95/17621 



PCT/GB94/02705 




J/9 



WO 95/17621 



PCT/GB94/02705 




4/9 



WO 95/17621 



PCT/GB94/02705 




92 64 1 



5/9 



WO 95/17621 



PCT/GB94/02705 



3 




Fig. 7 



6/9 



WO 95/17621 



PCT/GB94/02705 




7/9 



PCT/GB94/02705 




15(125) 




15' (125*) 



Fig. 11 



6/9 



WO 95/17621 



PCT/GB94/02705 




9/9 



INTERNATIONAL SEARCH REPORT 



Intern. ial Application No 

PCT/GB 94/02705 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 F16H61/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 F16H 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 8 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5 173 084 (LEMIEUX, GEORGE E.) 22 

December 1992 

see the whole document 

DE,A,40 36 683 (LUK LAMELLEN UND 
KUPPLUNGSBAU GMBH) 23 May 1991 
see the whole document 

PATENT ABSTRACTS OF JAPAN 

vol. 13 no. 340 (M-857) ,31 July 1989 

& JP,A,01 116365 (DAIHATSU MOTOR CO LTD) 

see abstract 

EP,A,0 232 979 (GENERAL MOTORS CORP.) 19 

August 1987 

see the whole document 

-/~ 



1-13 



1,12,13 



m 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A' document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

*L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when me document is taken alone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&• document member of the same patent family 



Date of the actual completion of the international search 



22 March 1995 



Date of mailing of the international search report 



0 5. 04, 95 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+ 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: ( + 31-70) 340-3016 



Authorized officer 



Van Prooijen, T 



Form PCT/IS A/210 (second sheet) (July 1992) 



page 1 of 2 



Intern/ al Application No 



PCT/GB 94/02705 



C(Continuatiui) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category " 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WO, A, 91 07613 (FORD MOTOR COMPANY) 30 May 
1991 

see the whole document 


l 


A 


US,A,5 184 981 (WITTKE, ERNEST C.) 9 

February 1993 

see the whole document 


l 


A 


GB.A.2 092 685 (ALFA ROMEO S.P.A.) 18 
August 1982 


1,22 



Form PCT/1SA/210 (continuition of second sheet) (July 1992} 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Intern; al Application No 

PCT/GB 94/02705 



Patent Hn^i t mon t 


Publication 


Patent family 


rii Diica uon 


cited in search report 


date 


member(s) 


date 


US-A-5173084 


22-12-92 


NQNF 






DE-A-4036683 


23-05-91 


DF-A- 


4036722 

TV JU / (— Cm 


23-05-91 






FR-A- 


2654788 


24-05-91 






FR-A- 


2654789 


24-05-91 






GB-A.B 


2238587 


05-06-91 






GB-A- 


2238588 


05-06-91 






JP-A- 


3209058 


12-09-91 






JP-A- 


3209059 


12-09-91 






NL-A- 


9002528 


17-06-91 






NL-A- 


9002530 


17-06-91 






US-A- 


5046991 


10-09-91 






US-A- 


5201687 


13-04-93 


EP-A-0232979 


19-08-87 


US-A- 


4644820 


Oil AO 07 

24-02-87 






CA-A- 


1268960 


15-05-90 






JP-A- 


62188841 


18-08-87 


W0-A-9107613 


30-05-91 


DE-A- 


3938539 


06-06-91 






EP-A- 


0534971 


07-04-93 


US-A-5 184981 


09-02-93 


N0NE 






GB-A-2092685 


18-08-82 


DE-A.C 


3200944 


28-10-82 






FR-A.B 


2499657 


13-08-82 






US-A- 


4484901 


27-11-84 



Form PCT/ISA/210 (patent family annex) (July 1992) 



